This study evaluated the effect of Cissus rotundifolia (CR), on the lipid profile of rats and postprandial blood glucose level of normoglycemic human adults. CR flour was processed using traditional Nigerian method of processing. The animal experiment involved male Sprague-Dawley rats fed for 14 days with hypercholesterolemic diet of corn oil, cholesterol, casein, mineral mix, vitamin mix, sucrose, solka floc and corn starch blended together and served as control diet (CD). The experimental diet (CRD) was CR flour added to the CD to provide 10 g total dietary fibre per 100 g but maintained similar amount of protein and fat levels as the CD. At the end of the 14 days of feeding, the rats were sacrificed and the plasma lipid levels measured. The human study involved 10 healthy subjects who fasted overnight for 12 h. Control bread meal (CB) was two whole wheat bread rolls, apricot jam, and sufficient water. Cissus rotundifolia based bread (CRB) substituted whole wheat in the test meal. Each meal contained 75 g available carbohydrate (CHO). The test meal also provided 6 g soluble non-starch polysaccharide (SNSP). The subjects were fed the CB and CRB on two separate days. Venous blood sample was taken at fasting and postprandially for 2.5 h and analyzed for plasma glucose and insulin levels. Analysis of variance and repeated measure analysis of variance (ANOVA) were used to analyze the data from the animal and human experiments, respectively. The result of the rat study showed a significant (p<0.05) reduction on the fasting plasma cholesterol and a reduction in the triglyceride levels of rats fed the CRD compared to the CD. The human study showed that CRB elicited a significant (p<0.05) decrease in plasma glucose level and insulin at 150 and 90 min, respectively. A significant reduction (p<0.005) was found in the area under the curves (AUC) with CRB compared to the CB. It was concluded that CR could be useful in modulating blood glucose levels in humans.
INTRODUCTION
There has been interest in the last decade on the potential therapeutic role of a high carbohydrate (CHO), high fibre diet and polysaccharide gums in the dietary management of non-insulin dependent diabetes mellitus (Slyper, 2013) . This current interest in the therapeutic dietary effect was generated from the epidemiological work of Trowell (1975) . Studies (Jenkins et al., 2002; Kaczmarczyk et al., 2012; Fujii et al., 2013) have suggested a link between dietary fibre and the etiology of various chronic non-communicable diseases (NCDs). Trowell et al. (1976) noted that diabetes mellitus and certain metabolic diseases were rare in the developing countries where the population traditionally consumed diets rich in dietary fibre. However, with the advent of western civilization and adoption of a more westernized lifestyle there has been an increase in the prevalence of diabetes in developing countries (Ramachandran et al., 2012; Ram et al., 2008 , Ram et al., 2004 . This was related to change in dietary habits (Burkitt and Trowell, 1976; Hall et al., 2011; Jacobs, 2015) , economic development and market globalization (WHO/FAO, 2003) .
World Health Organization (2000) reported that 171million people worldwide suffer from diabetes. Ramachandran et al. (2004) indicated that the greatest increase in the prevalence rate will come from the developing countries of the world like Asia and Africa. These authors postulated that there will be 42% increase in the developed countries and 170% in the developing countries. However, Guarigutata et al., (2014) reported that in 2013 382 million people had diabetes; this number is expected to rise to 592 million by 2030. These authors further revealed, that most people with diabetes live in low and middle-income countries and these will experience the greatest increase in diabetes cases over the next 22 years. Diabetes affects more than 6 million Nigerians and over 1 million are blind, out of which 80% are blind from diabetes (Uduaghan, 2002) .
There are some properties of dietary fibre that are related to physiological responses and food functionality in the management of diabetes. These include water binding capacity (WBC), particle size, viscosity, soluble non-starch polysaccharide (SNSP) and nature of starch (Dreher, 1987; Brownlee, 2011; Ley et al., 2014) . These properties in both human studies (Fairchild et al., 1996; Braaten et al., 1994; Brownlee, 2011; Dhingra et al., 2011) and animal studies (Johnansen et al., 1990; have been shown to increase viscosity of the digesta. This is a major factor in inhibiting the rate of digestion and absorption of available carbohydrate and consequent decrease in postprandial glucose level Edward et al., 1988; Riccardi et al., 2008; Brownlee, 2011; Oputa and Chinyere, 2012) .
In the South Eastern Nigeria there are numerous plant foods that are used in the preparation of vegetables soups that increase the viscosity of such soups. One such plant food is Cissus rotundifolia (CR) which is known as "ukoho" among the Ibo tribe in the South Eastern Nigeria. CR is indigenous to Nigeria; it is used as viscous thickening agent, is easily available, cheap and processed in the homes for thickening vegetable soups.
C. rotundifolia is a climbing or prostrate herb. The leaves are glossy green, widely ovate to round with blunt toothed margins. This shrub is distributed in tropical and subtropical regions. CR is found throughout East Africa, Zimbabwe, Mozambique, South Africa, parts of Central Africa, Egypt and the Arabian Peninsula (FAO, 1988) . The young shoots of CR are used as vegetables. Their minor economic importance lies in local medicinal uses (FAO, 1988) . The dried stem of CR is sold as food condiment in the ground form. CR stem was harvested fresh and wet. The bark was removed by scraping. The stem was cut into small pieces and dried. The dried stem was crushed into smaller pieces and then ground in a coffee grinder (Moulinex blender/mill) into fine powder and sieved. The powered CR was a yellowish brown powder. Previous work (Onyechi et al., 2007) on the nutrient content of CR flour per g/100 g dry weight showed that CR contained high amount of available CHO (56 g/100 g) and high available energy of 257 g/100 g. The protein content was low (4.9 g/100 g) and contained very little fat (0.9/100 g), and fibre (28.3 g/100 g) (Onyechi et al., 2007) . The physicochemical properties showed that mean particle size, WBC and viscosity values were 115.0, 5.85 and 5.5 dl/g respectively. Soluble NSP was 15.5/100 g and the starch content was 45.3 g/100 g, the sugar composition of the SNSP showed high levels of arabinose (8.0 g/100 g), glalactose (2.2 g/100 g) and uronic acid (4.2 g/100 g) (Onyechi et al., 2007) .
The processing of CR flour and the preparation of the traditional soups is tedious and time consuming. For these reasons the use of CR flour is on the decline and the consumption of CR vegetable soup is on the decrease in most urban areas of Nigeria. The scarcity, non-compliance and high cost of diabetic drugs in Nigeria makes this study of vital importance. It was therefore important to explore dietary treatment of NIDDM using potential indigenous foods.
The purpose of this work was to determine the effects of CR on the lipid profile of rats, as screening model. This study also evaluated the effect of CR flour on the postprandial glucose and insulin levels in humans. This work also aimed at finding a suitable food base to incorporate CR flour that will be acceptable to diabetics in urban areas in Nigeria. The result of this work will determine the possibility of using CR in the prevention, management and treatment of NIDDM, as well as diversify and increase the consumption of CR flour.
MATERIALS AND METHODS

Metabolic study
Rat study
Preparation of rat diets: Two diets were used in the rat experiment, the control diet (CD) and CR diet (CRD). Five kilogram of CD was formulated using casein (New Zealand milk products mix); mineral mix, vitamin mix (King's College mix), sucrose (Booker Fitch Food services), solka floc (Johnsen Jordensen and Wettre Ltd) and corn starch (Cerestar, Manchester HHIPA). These ingredients were blended together in a Hobart mixer for 15 min. Corn oil was heated to 80°C and the calculated amount of cholesterol (BDH chemicals Ltd) was weighed and stirred into the corn oil and mixed well to dissolve. The mixture of corn oil and cholesterol was added to the dry ingredient of casein, mineral mix, vitamin mix, sucrose, solka floc and corn starch and blended for 30 min until well distributed. The mixture was passed through a 1/8 inch mesh sieve. Homogenization of the mixture was assured by mixing for a further 30 min in the Hobart mixer. The diet was stored at -20°C in self-sealed freezer bags until required for the experiment.
The test diet was prepared to contain Cissus flour. The amount of CR flour containing 10 g dietary fibre was determined from the results of preliminary analysis of CR and the calculated quantity of CR flour was added to the CD. The test diet provided approximately 10 g total fibre per 100 g diet while maintaining similar protein and fat levels like the CD. The amount of casein and corn oil in the test diet was adjusted to maintain similar protein and fat contents with the CD. Thus, the Cissus flour replaced some of the protein, fat and starch in the test diet. Enough corn starch was used to make up a batch size of 5 kg diet.
Feeding of the rats:
Twenty male Sprague-Dawley rats, supplied by A. Juck & Sons, London were used for the animal study. The rats that weighed between 71 to 87 g on arrival, were placed in a cage and fed stock diet for 2 days and ground stock diet for five days prior to the experimental period in order to acclimatize rat to eating ground diet. After one week of acclimatization, the rats were assigned into the two groups with a mean weight of 115 to 115 g so that rat from each litter went into an experimental group. The group of rats was therefore assumed to be genetically similar. The rats were housed individually in cages with trays and filter paper to collect spill and faeces. The rats' food intake was recorded by providing each rat with an individual weighed pot of food and the food pots were weighed on alternate days before toping up food supply and reweighing. At the end of the experiment the rats were anaesthetized and bled from the heart using heparinized needle and syringe to prevent clotting. The blood was collected and centrifuged at 2,500 rpm for 15 min before the plasma was separated from the cells, stored in LP3 tube at -20°C until analysis.
The plasma cholesterol was determined by enzymatic method (Trinder, 1960; Roschkau et al., 1975; Siedel et al., 1981) supplied by Boehringer -Mannheim (Boehringer CHOD/PAP kit method). The principal is based on the hydrolysis of cholesterol ester to free cholesterol and fatty acids by cholesterol ester hydrolase. Free cholesterol is oxidized by reacting with oxygen in the presence of cholesterol oxidase and hydrogen peroxide is formed which reacts with a chromophore to produce a pink colour The absorbance of the resulting solution was read in a spectrophotometer (UV/VIS spectrophotometer, Philip instrument, UK), against a blank at 500nm. The plasma triglyceride of the rats was analyzed using the enzymatic method described by Tiffany et al., 1974 . The Boehringer Mannheim kit method was used for this analysis and absorbance of the sample was read against a blank at 500nm wavelength in a spectrophotometer.
Human study
Preparation of the experimental bread: The bread rolls were prepared using the Chorleywood bread process (Apling and Ellis, 1982) . The brown wheat flour used was Ploughman's brown flour (Sovereign, Allied Mills, London EC3R 7PE). The hydrogenated vegetable fat was the flora brand (Unilever, UK). Each batch of bread dough contained variable amounts of water depending on the Onyechi and Ibeanu 559 viscosity of the flour. The CR flour was incorporated into the bread as a replacement for wheat flour. The weight of dough used was calculated such that a total of 50 g CHO was contained in two bread rolls. Thus the CHO content of the flour and the other added foodstuff were considered in arriving at the total CHO content of the bread.
Feeding of the subjects: Ten healthy non-diabetic subjects visited the metabolic lab twice a week after an overnight fast. The subjects were fed a control bread meal (CBM) made with only wheat flour and an experimental bread made from CR flour. The meals consisted of two small bread rolls, 38g apricot jam (Robinson's) and sufficient water to make a total meal weight of 400 g. The available carbohydrate portion of the meal was 75 g, the bread rolls supplied 50 g CHO mostly in the form of starch and the jam provided 25 g of available CHO mostly as sucrose making a total of 75 g of available CHO. The CRB contained 5 g of SNSP as calculated from by Englyst et al. (1992) ; analysis of the foods plus additional SNSP from the wheat flour. At the start of the meal a fasting venous blood sample of 10 ml was taken from each subject using EDTA extainers. The breakfast meal was eaten within a 15 min period. Postprandial blood samples were taken at 30, 60, 120 and 150 min from the commencement of the meal. The study was approved by King's College ethical committee.
Analysis of blood glucose and insulin levels
Blood glucose level was measured by the glucose oxidase test using Boehringer Mannheim diagnostic kit. Blood glucose concentration was determined after deproteinisation of the blood sample. The quantitative determination of human insulin in-vitro was done using Boehringer Mannheim diagnostic kit based on enzyme immunological reactions. The ES 22 combi step 22 program, B auto machine was used for the analysis.
Statistical analysis
The difference between the effect of the diets on the rats was determined using analysis of variance, ANOVA, Statistical Analysis System package, SAS Institute (1985) . The level of significance was at p<0.05. The difference between the effect of the experimental meals on the blood glucose and insulin incremental values were determined by repeated measures ANOVA with statistical package (Statistical Analysis System package, SAS Institute (1985) . Integrated glucose and insulin increments were estimated by calculation of area under the curve (AUC; trapezoid rule). Table 1 gives a description of the composition of the control diet and experimental diet which was essentially the same expect the addition of the experimental food CR flour. In Table 2 the result of the nutrient analysis of the rats diet is shown. The nutrients were comparable expect for the fibre in the CRD, which is due to the additional fibre from the CR flour. Table 3 shows the effect of CD and CRD diets on the fasting plasma cholesterol and triglyceride levels (mmol/L) of rats. The result showed that mean plasma cholesterol levels of rats fed CRD was significantly lower than those fed the CD at p<0.05. The result of the plasma triglyceride levels of rats fed the CD and CRD showed no significant reduction. However CRD showed a lowering effect.
RESULTS
Rat study
Human study
In Table 4 the food ingredients used for the production of the CB and CRB were shown and the nutrient composition of the meals were shown in Table 5 . Figure  1 shows the effect of the bread meals on the incremental blood glucose levels. The comparison of the mean incremental glucose rise after the consumption of CB with the CRB showed that there was no significant difference but there was apparent decrease. The difference between the bread meals was analysed at the time intervals, the CRB showed a significant difference at 150 min. The effect of the bread meals on the incremental insulin levels is shown in Figure 2 . Comparison of the mean incremental insulin rise after the consumption of the CB and CRB showed no significant difference between the two bread meals, however there was apparent reduction with CRB. The difference between the bread meals was analysed at the time intervals, the CRB showed a significant difference at 90 min. A significant reduction (p<0.005) was found in the area under the curves (AUC) of CRB compared to the CB. Figure 1 . Mean incremental plasma glucose levels (mmol/L) of healthy subjects fed control bread and CRB. n =10.
DISCUSSION
The animal study showed a significant decrease (p<0.05) in the plasma cholesterol level of rats fed the CRD compared to the CD as shown in Table 3 . However there was no significant reduction in the plasma triglyceride levels of rats fed CRD compared to the CD but there was apparent reduction with CRD (Table 3 ). The result of the human study shows that CRB elicited a significant reduction (p<0.5) on plasma glucose (Figure 1 ) and insulin (Figuere 2) at 150 and 90 min, respectively. A significant reduction (p<0.005) was found in the area under the curves (AUC) for glucose and insulin with the consumption of CRB compared to the CB. C. rotundifolia is the stem of a shrub and limited research work has been done to examine such materials as CR. A material which may be similar to CR is konjac mannan, which is prepared from fresh roots and has shown to reduce postprandial plasma glucose and insulin concentration in humans (Ebihara et al., 1981) . These authors indicated that beneficial effects of konjac mannan which contain viscous soluble NSP just as CR, were related to delayed stomach emptying, modified responses in gastrointestinal hormones and delayed glucose diffusion. Delayed gastric emptying was a major factor in reducing plasma glucose and insulin concentration as well as decreased intraluminal glucose diffusion (Brownlee, 2011) . CR has some similarity with konjac mannan, both contain soluble NSP, although one is described as a root and the other a stem, they are both "woody" parts of plants which contain viscous soluble NSP. The result of this study shows that CR flour has the same physiological effect on human and animals just as konjac mannan due to the similarity their physico-chemical properties (Nichenametla et al., 2014) . CR had a viscosity of 5.5 dl/g, and a SNSP content of 14.6 g/100 g (Onyechi et al., 2007) . Jenkins et al. (1978) showed a positive correlation between mean peak rise in blood glucose and gum viscosity of a wide variety of viscous NSPs. The authors postulated that the action of these viscous materials maybe two fold, delay in gastric emptying and delay in glucose absorption from the small intestine. Viscous gels like CR entrap glucose and slowly release it for absorption. This effect can explain the reduction in the postprandial blood glucose concentration in humans fed CRB.
The effect of CRD on the lipid profile of experimental rats is attributable to increased fecal bile acid excretion. Cummings (1981) indicated that the loss of these cholesterol containing compounds has hypocholesterolemic effects. Studies have shown that SNSP are almost completely fermented by colonic bacteria to produce short chain fatty acids (SCFA) like acetate, propionate and butyrate (Cummings, 1981) . Chen et al. (1984) in their study with rats showed that dietary propionate lowered serum and liver cholesterol. The authors suggested that this reduction is due to propionate inhibiting hepatic cholesterol synthesis. This same mechanism is attributable in the rats fed CRD since CR flour contain SNSP hence the decrease in cholesterol levels in the rats. It is also possible that CR which is high in starch produce SCFA from both the SNSP and the starch, indicating a high level of propionic acid with hypocholesterolemic effect (Chen et al., 1984; Brownlee, 2011) .
Water binding capacity (WBC) is the maximum amount of water that can be taken up per unit weight of dry food material in the presence of excess water. It is the ability of fibre to hold water under specific conditions. Onyechi et al. (2007) showed that CR flour had a WBC of 5.58. Studies have also shown that NSPs like CR with high WBC prolong gastric emptying (Bueno et al., 1981) hence decreased postprandial blood glucose levels in human. CR has a mean particle size of 115 µm (Onyechi et al., 2007) . It has been shown that particle size or the texture of food plays an important role in glycaemic response. Food of coarse consistency produced smaller glycaemic responses than finely milled food grains which break the cell walls, producing a quicker access of amylase to the starch flour (O'Dea et al., 1980) . Particle size is property of dietary fibre that helps in modulating the postprandial blood glucose level. This particular property is attributable to CR flour; hence the positive result obtained in the postprandial glucose and insulin levels in the human study and the reduction in the lipid profile of rats. CR flour contained a high level of starch (45.3 g/100 g) (Onyechi et al., 2007) . Studies have shown a reasonable correlation between glycaemic index, and in vitro digestibility of starchy foods (Holm et al., 1988; Dhingra et al., 2011; Brownlee, 2011; Bodinham et al., 2014 ). Crapo et al. (1971) showed that the glycaemic and insulin response in humans were not only related to the dietary fibre content of the foods but also to the difference in the digestibility of different starches (Coulston et al., 1980; Jenkins et al., 2002 , Allen et al., 2011 . Goddard et al. (1984) showed that amylose/amylopectin ratio is a contributory factor to low glycaemic index. Foods that are known to have high levels of amylose in their starch granules are more slowly digested compared to carbohydrate foods that contain less amylose and more amylopectin (Goddard et al., 1984; Benhall et al., 2006) . This is due to the fact that amylopectin has larger surface area per molecule than amylose. In addition amylose unit are more bound to each other by hydrogen bonds making them less available for amylolitic attack (Schooch and Maywald, 1976) . However, the structure of the starch in CR flour has not been studied so the amylose/amylopectin ratio is not known. However, CR starch has attributes that makes it resistant to digestion, as indicated in the postprandial glucose and insulin human subjects and decreased plasma lipids in the rat study result (Bodinham et al., 2014) .
Conclusion
All the attributes of CR flour is indicative that it has biologically active properties which are beneficial in the therapeutic management of non-insulin dependent diabetes mellitus (NIDDM). The dietary management and prevention of diabetes using locally available food sources is of paramount importance in Nigeria because of the high prevalence rate of diabetes (Thiam et al., 2006) , the medical resources for diabetic care are either, scarce, unavailable and often unaffordable. The high cost of materials for diabetic care is unprecedented due to the worsening economic condition in Nigeria. This is disastrous with a disease like diabetes where the underlying condition is incurable and lifelong treatment and care is necessary. CR is locally available, cheap, natural food with great potential as a useful adjunct in the dietary management of NIDDM.
